These experiments extend our studies on the newly described cerebral chemoreceptors to show that most pressor drugs cause peripheral hypotension when perfused through the brain of the
positely and cause hypertension. The cerebral chemnoreceptors thus seem to act as a buffer mechanism. The receptors may be inactivated to some drugs without blocking the neurogenic hypertension response elicited by cerebral ischemia. Veratrum viride is shown to be such a drug. Besides initiating the von Bezold reflex, veratrum lowers blood pressure by direct central action. W E HAVE described' a method which effectively isolated the circulation of the brain from that of the body of dogs and yet preserved nervous connections through the spinal cord. Perfusion of the isolated head depended upon a donor animal or a pump. With this preparation we demonstrated peripheral action, mediated through sympathetic nerves, of vasomotor drugs acting solely upon the brain. Adrenaline and noradrenaline were shown to be potent vasodilators of the peripheral vascular tree independent of the carotid sinuses and vagus nerves, since dilatation was elicited after their inactivation. Hence, it was assumed there were chemoreceptors in the brain which served as part of the buffer system against blood pressure changes of chemical origin.
This communication deals with the effects on peripheral circulation of other substances when perfused through the brain that are pressor or depressor in the intact animal. METHOD Two mongrel dogs, anesthetized with pentobalbital, were used in each of fifty-two experiments. The circulation of the head of the "recipient" animal was separated from the body as we have described.' The carotid sinuses were denervated by cutting the nerves of Hering and stripping the adventitia from the bifurcation of the carotid arteries. mg.), and a purified veratrum viride preparation (Veriloid, 0.04 mg. to 0.1 mg.) were tested. The volume of each injection was 1.0 cc. Experiments required three to five hours preparation and lasted three to six hours. Blood pressure of the donor dog and the body of the recipient animal where recorded on two smoked drums by a mercury manometer, from a femoral artery. The tubing leading from the artery to the manometer contained 1:1000 dilution of heparin in normal saline. Heparin, 4 mg. per Kg. of body weight, was given to the donor dog to prevent clotting in the perfusion circuit.
RESULTS

Pressor Drugs
A. Barium chloride caused respirations of the recipient to be deep and rapid for one to two minutes. Blood pressure in the body of the Left: Rise of peril)helal 1)loo0( pressure of recipient dog after intra-arterial injection of Mlecholy-l 0.1 Imgg. RigNh: Mecholyl was so diluted in donor dog's )10o0(1 that only a.slight fa.ll of blood pressure was observed. caused a rise of blood pressure of the recipient's body; responses to other drugs were usual. B. Nicotine caused intense respiratory stimulation in the recipient dog lasting two to four minutes after each injection in five experiments. The peripheral blood pressure of the recipient animal was reduced 15 to 98 mm. Hg (table 1) . As with other drugs tested, the blood pressure rise of the donor dog was irregular due chiefly to the varied rate of return circulation and the size of the animal. It bore no relationship, how-186 160 ever, to the degree of response in the body of the recipient dog.
Vasodilator Drugs
A. Histamine. One-tenth mg. of histamine phosphate usually caused a sharp rise in the peripheral blood pressure of the recipient dog when acting centrally (14 to 128 mm. Hg). This wras not as regular as the response to adrenaline, noradrenaline, or Mecholyl. In 1 out of 10 cases, intra-arterial injection caused blood pressure of the recipient's body to fall and in about elevated pressure when circulated through the brain by intra-arterial injection. The response was often as much as 150 mm. Hg, and ranged from 30 to 208 mm. Hg. As shown in table 2 and figure 2, this response bore no relationship to the degree of pressure fall in the donor dog.
C. Veratrulm Viride (Veriloid). In addition to observations of the central action of veratrum, experiments were arranged to elicit the von Bezold reflex. This reflex has been suggested as a partial explanation for the hypotensive effects one-third the response was diphasic with a slight fall preceding the rise (table 2). The type of responses observed are shown in figure 1.
Late in the course of some experiments, histamine, which had caused a typical pressor response, exhibited no effect, possibly because of exhaustion of the mechanism or the onset of tachyphylaxis. It is of interest that under these conditions isehemia induced by clamping the artery perfusing the brain, caused a sharp rise of blood pressure in the recipient's body (100 to 190 mm. Hg).
B. Mechol1Yu (acetyl-o-methyl choline) always
of veratrum in intact animals. The reflex is due to stimulation of afferent fibers which have their origin in the lungs and heart. Impulses travel up the vagus nerves to the brain and activate vasodilator centers which cause peripheral vasodilatation through the sympathetic nerves. .Jarisch and Richter2 demonstrated the presence of this reflex in animals with the ciIculation of the heart and lungs isolated from that of the body. Veratrum also reduces blood pressure in animals with the vague nerves cut,' yet Krayer, MIoe and Mendez4 have been unable to show direct action upon the blood ves-STUDIES OF CEREBRAL CHEMORECEPTOR BUFFERS sels. This suggests a central action in addition to the vasodepressor effects of the von Bezold reflex. Our data support this view.
Veratrum injected into the body of the recipient animals with vagus nerves intact caused a fall in blood pressure (18 to 60 mm. Hg), but if the vagus nerves were cut or the animal decapitated, veratrum circulating in the body had no effect upon the blood pressure (table 3) .
In five experiments veratrum was circulated through the recipient's head. A single injection caused a fall of blood pressure in both the donor and the recipient dogs' bodies. The pressure of the donor returned to control levels within 45 minutes while that of the recipient persisted at the lower levels for the two to four hours they were observed.
It is of particular interest that during this period the peripheral effects of the central action of all other drugs tested were abolished, yet acute cerebral ischemia induced by clamping the perfusing artery caused a sharp increase in the recipient dog's blood pressure (80 to 180 mm. Hg) ( fig. 3 ).
DIscussIoN
These data furnish further evidence for the presence of cerebral chemoreceptor buffers and aid in elucidation of the mechanism of action of veratrum viride.
It was previously shown' that adrenaline and noradrenaline were peripheral vasodilators when acting solely on the central nervous system with the carotid sinuses and aortic depressor nerves destroyed. This depressor effect was independent of change in the perfusion pressure within the head whether the change was induced by a pump, drugs acting upon the donor dog's pressure, or bleeding of the donor animal. Tournade5 suggested that vasoconstriction and reduction of blood flow with hypoxia of the vasomotor centers might explain the mechanism of centrally induced peripheral vasodilatation. Schmidt and Pierson,6 however, measured blood flow through the medullary area with a thermocouple and found it to be unaltered by adrenaline. This, among other reasons, made us conclude that there were previously unrecognized cerebral chemoreceptor buffers.
The behavior of the arterial pressure of the recipient animals in the experiments after illjection of histamine and veratrum further separates these chemoreceptors from other nervouis mechanisms known to influence peripheral blood pressure. Histamine injected intra-arterially into the perfusion circuit of the recipient animal's head usually caused sharp rise of peripheral blood pressure. In some animals repeated injections apparently exhausted this mechanism or tachyphylaxis supervened, because after one to two hours no further pressor responses could be elicited in the body. If cerel)ral ischemia were now induced by clamping the artery perfusing the isolated head, a sharp rise in blood pressure occurred, indicating that the receptors sensitive to reduced blood flow were still capable of inducing a rise in arterial pressure.
The peripheral pressor effects induced I)y cerebral isehemia and that dependent upon stimulation of the chemoreceptors were further delineated by centrally acting veratrum. Intraarterial injection of this drug caused a prolonged fall of peripheral blood pressure and development of refractiveness to pressor and depressor drugs. Isehemia was still capable of causing a sharp pressor response. Thus, not only are there cerebral centers which cause peripheral vasodilatation when stimulated by vasoconstrictor drugs and peripheral vasoconstriction in response to centrally acting vasodilator drugs, but they can be inactivated wsithout altering the areas stimulated by ischemia.
If veratrum is injected into the body of a recipient animal with intact vagus nerves, a fall in blood pressure results, although none of the drug reaches the central nervous system. If the vagus nerves were cut or the dog decapitated, veratrum had no effect upon the blood pressure in the body of the animal, which confirms the observation of Krayer, Moe and Mlendez4 that the blood vessels themselves are not responsive to veratrum.
Becaulse blood pressure falls when veratrum is injected into dogs that had received atropine or in which the vagus nerves were cut, Krayer, Moe and Mendez assumed that the central nervous system was either stimulated or inhibited so that peripheral vasodilatation oc-curred. Our experiments demonstrated the assumed central action. When the drug acted solely upon the nervous system of a dog there was a prompt and prolonged reduction of peripheral blood pressure. This centrally induced hypotension might occur because of inhibition of existing vasomotor tone of central origin or by direct stimulation of a vasodilator mechanism. Since we have shown that veratrum is inhibitory to one system, the chemoreceptors, it is likely that its hypotensive effects are likewise the result of inhibitory action. If this is true, the vasomotor tone apparently depends upon centers other than those responsible for the acute hypertension resulting from cerebral ischemia, since veratrum leaves the latter mechanism intact. SUMMARY Substances which are pressor or depressor in intact animals were tested for their effects upon peripheral blood pressure when acting upon the cerebral chemoreceptors of dogs with carotid sinuses inactivated and vagus nerves sectioned. Tests were made by perfusing the drugs through the circulation of the brain which was completely isolated from the body. The pressor drugs, barium chloride and nicotine, caused hypotension and respiratory stimulation.
Histamine caused a pressor reaction in more than three-fourths of the experiments, the rise often being preceded by a slight fall. In the remaining experiments the response was depressor. In some experiments, due to exhaustion of the chemoreceptor mechanism or to tachy-phylaxis, histamine ceased to cause a pressor reaction, yet ischemia caused a sharp rise in blood pressure. Mecholyl regularly produced a striking rise of the peripheral blood pressure.
Veratrum viride reduced blood pressure when injected into the isolated circulation of the body of the recipient dog if the vagi w-ere intact. It had no effect if they were sectioned. When injected into the circulation of the brain, veratrum caused a marked fall of peripheral blood pressure which persisted for the duration of the experiment (two to four hours). Further, it blocked the chemoreceptors so that no other drugs injected into the circulation of the brain influenced peripheral blood pressure, although cerebral ischemia still caused a rise in peripheral pressure.
